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PREFACE

This paper discusses the relationship hetween Total Quality Management (TQM) and
Concurrent Engineering (CLE), or Integrated Product Development (IPD). The ideas herein were
developed over two years through my experience as both TQM coordinator for the Logisucs -
Research Division and lead scicntist for the decision support systems effort within the Acquisition
Logistics Branch. During this time I had the pleasure of working with David Dierolf and Karen
Richter of The Institute for Defense Analyses (IDA); their comments on the ideas developed in this
paper are appreciated. In fact, their research efforts under the Formal Methods and D3S Tools
work unit (2940-01-19) formed the basis for the IDA Paper, P-2506, Concuitent Engincering
Teams, and the joint arucle “Concurrent Engineering: Total Quality Management Applicd to
Product/Process Definition™ (to appear in Concurrent Engineering, Auerbach Publishers). This
technical paper however delves much more deeply into the philosophical comparisons hetween

TOM and IPD. v is hoped that readers will use the views and opinions expressed in this paper,

along with the aforementioned companion works, to ease efforts to iniate the IPE nrocess,




SUMMARY

This paper compares the philosophical basics of Total Quality Management (TQM) and
Concurrent Engineering (CL3), or as referred to in the DoD, Integrated Product Bevelopment (1PD).
TM iy a critical intiatve for American industry and the Department of Defense (DoD). American
industry faces a “cnsis” in industrial competitiveness in the global market; a retumn to quality
products and processes is seen as a long-tenm solution to this crisis. Similarly, the DoD is tacing
its own challenges, such as declining resources to meet expanding demands. TQM is the DoD
imtiative in qualdity to help answer these and future challenges. Integrated Product Development
(IPD), is & component method under the TQM umbrella that targets the design environment. T
IPD approach provides: (1) better coordination between interdependent design activities, (2) better
support and tracking of product evolution, and (3) simultaneous coordination of all product life-
cycle elements. A closer examination of TQM and IPD reveals similarties in underlying
philosophies which lead to characterizing IPD as TQM applied to product design. To support this

characterization, seven fundamental tenets of TQM are discussed:
(1) management commitment,
(2) continual improvement,
(3) customer satisfaction,
(4) tcamwork,
(5) work processes,
(0) raning, and

(7) peonle as the critical resource.

Fach tenet 1s discussed and its IPD applicability iy identified.




A QUALITY PHILOSOPHY
FOR
INTEGRATED PRODUCT DEVELOPMENT

1. INTRODUCTION

There is a trenwendous push, both within American industry and the Department of
Dictense (DeD), 10 improve the quality ot all goods and services i an eftfort to improve
industrtal competitiveness in an increasingly competitive, international narket. This push
is known by various names (Q+, TEX, TQ, PIQE) [Ropelewski, 1990] and cach
particular instance of quality improvement is unique in some way. Hewever, each
improvement initiative shares common themes. Each initiative secks to meet the
teehnological and economic challenges of the modern international marketplace by focusing
on the quality of the products produced, the guality of the processes employed to produce
the products, and the quality of the people and management system within the organization.
Within the DeD), the quality improvement process is called Total Quality Management
{TQM). Although TOM is new doctrine for DoD, formally adopted in 1988 |Carlucei,
1988, 1ty philosophies are aiready a success story. ‘The most notable success is the
crergence of Japan as @n international industrial power,

A key technology of TQM iy Concurrent Engineering (CL), or Integrated Product
Development (1°D).71 IPD is o technigue wherehy system design detects are avoided rather
than corrected Tater in the design process. The IPD approach is to detine the product
charactensies while defining the processes by which the product will be manufactured and
supported. The potential of IPD is tremendous. It empowers the design organization, and
more importantly the people of the design organization, 1o examine all life-cycle
considerations of a proposed system during the early stages of design while there iy 5tiil
tinwe to make cost-effective changes to the system. In effect, CE focuses on improving the
cnd product by improving the process by which it is designed and built. TQM shares this
same focus.

Thus, IPD s characterized as TQM applied 1o the product design process. The
objective of this paper is to acquaint the reader with the IPD philosophy. This wili be
accomyplished by relatung the basie tenets of TQM to the IPD initiative. Prior to discussing
this relationship between TOQM and 1IPD, it will be helpful ro brictly expliain the history of
TOM and IPD.

TReeently, concurrent engincering has been tetesred to as Integrated Product Development (1PD). The two
terns e ellectively synonymous and use of IPD within thes paper imphies cither erm.




II. TOTAL QUALITY MANAGEMENT

The history of TQM has already been aptly descibed by various authors. This
paper will not analyze and synthesize the various views and opinions on the subject; rather,
it will identify a few keys points that will help to establish our particular perspective on the
subject.

American industry coliectively suftfered complacency afier Worid War IHWWID
with respect to quality. Post-WWII prosperity resultisg from consumer markets cager for
goads, coupled with America having the only intact industiial base, lulled American
industry into a false sense of security. American products were then the best in the world
feeding a hungry market. Thus, managers tocused their concern on schedules and short-
term profits, often at the expense of quality. Unfortunately they got away with this
practice. The result is a mindset, now prevalent in business practices, that emphasizes
quick return on investment, maximization of stockholder premiums, a lack of long-term
investment focus, and a sometimes Tayloristic approach to management wherein

)

management is responsible for everything in the organization. Meanwhile, America’s

competition, most notably Japan, rebuilt after the war with a focus on guality management
practices. These companies made the necessary long-term, initially low-yield, investments
in manufacturing technology and empowered the entire design and production organization
1o seek continual improvement. These companies now have advanced manufacturing
technology. The result is that new products are often introduced by Amcrican firms but
efficiently, and competitively, manufactured abroad. American firms thus lose market
share and the associated profits, The resultis a “crisis™ in American productivity resulting
from mtense toreign competition and [oss of Amciican market shudre in various
manufacturing industries.
Governmeni and Industry have attacked this crisis in various ways. Higher taritts
on imports 1s one method, but protecuonism does not help industry in the long run. ‘
Factory automation hay achieved marginal success, but often at substantial financial cost.
New research and innovations are another method; recent industry-academia rescarch -
consortia is a promising outgrowth of this approach. However, the most promising
method is to focus on quality improvemeni. Authors such as Peters, Juran, Crosby, and
Deming are telling American industry how to re-focus therr etforts on quality and quality

management practices. Their message is clear: accept the “new”™ philosophy or American

manuofacturing will cease to be among the world leaders.




The DoOD has a vested interest in the health of American industry and its

manutacturing capabilitics. The Dol is the largest customer of, and L gest supplier to, the
American industrial base [Perry, 1986], so much so that it "is often diffeult to draw
clear-cut distinetion between the U.S. defense industrial base iind the U.S. commiercial
nrnutacturing economy” [McCormack, 1989]. In times of declining budgets and
pereetved lessening of defense reguirements, production runs for weapon systems are short
and very specialized. Austere and inconsistent budgets cause lengthened production runs
of less than optimal output efticiency. This burden 1s placed on manufacturing tacilities
that are essentially specitic to a product. Our fack of long-term investment in
manutacturing eehnology means that today we stll (for the most part) work with a 1940
mindset of long-running, high-yicld, single-product production lines. But the DoD
continually loses the cost savings of mass production.

Another reason for Dol interest in the American industrial base is that "the ability
o our military forces to meet our national security objectives ts, in large measure, a
funcuon of the strength and vitaliy ot U.S. Industry” [Strickland, 1988). The DoD war
machine ts only as strong as the ability of the American industrial base to support surge
production o meet wartime demands, particularly in the highly specialized sectors of
industry the Do) relies on. insufficient factories, lack of modern equipment in the existing
factories, too few flexible manufacturing plants, and foreign-owned American factories
pose threats to national security. To adequately meet detense procurement needs, the
Aierican Manaiwctufing wavironment must be floable enough 1o etfectively and cfficiently
produce weapon systems 1o the required small lots.

TQM is a strategy for inproving the quality of DoD processes and produets and
achicvig substantial reductions in the cost of ownership throughout the systems” life
cycle” [Strickland, 1988]. ‘Thus, TQM is wore thag o attenipi by DOI2 o fiigiove the
Amcrican industrial posture; it also focuses on improving DoD internal products and
processes. Declining budgets, force reductions, and increasing external scrutiny are but a
tew reasons for DoD to internalize the TQM philosophies. In the future, the DoD (in
particular Dob Acquisition), must do more with fewer resources. This challenge requires
unproved productivity which is an end product of continuous process improvement and a
busic tenet of TQM. In 19858, Robert Costello, Undersecretary of Defense for Acquisition,
stated, “Tam making TQM success my primary objective”™ [Costello, 1988]. Initiatives
such as acquistion steamlining, statistical process control, vilue engineering, and
wartinities are now under the TQM uribrela due to their impact on quality in the acquisition
arcna, 3y examining Dob acquisition further, we can elaborate on the TQM acquisition

goils of itertal quality of processes and external quality of products.
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Internal quatity implics efficient processes and open conmmunication channels to
enhance how the DoD gets the job done. 1t means empowering personnel to become more
cffective and efficient. Internal quality is necessitated by a decrease in available resources.
The basic purpose of TQM is not necessarily 10 eliminate jobs and tunctions. However,
during mandated reductions, TQM provides a means to objectively accomplish the task.
The resulting organizational environment is characterized by less non-value-added work,
quick and efficient job processes, and higher quality output. In aequisition this means
fewer reporting channels, fewer levels of review, and a streamlined procurement process.
TGM makes better use of personnel resources, ensures less redundancy of ettort, and
promotes smarter business practces in the execution of acquisition programs.

Improving the quality of external products means improving the products (¢.g..
contract proposals and specifications) the Dol acquisition community provides o industry,
a DoD custorer. The Dol must correctly define the systems required to provide necessary
combat capability. These detimtional efforts must integrate the user requirements,
engineering design and design support characteristics, manufacturing concerns, and
logistics suppott attributes. The end result is 2 product which wltows indusery to return a
quality weapon syster or equipment. Thus, quality is “conformance to correctly defined
requiremients sutistying customer needs™ [Stricklind, 19881, and that customer need is

combat capability.

HIL. INTEGRATED PRODUCT DEVELOPMENT

As aresult of the 1988 Institute for Defense Analyses (IDA) report, “The Role of
Concurrent Engincering in Weapo System Acquisition,” CE was formnally adopted as DoD

and TOM docmine. The aceepted defimton of Ci is:

. dsystematic approach to the integrated, concurrent design of
products and their related processes, including manufacture and
support. This approach is iniended to cause the developers from the
outset to consider all elements of the product lite ¢ycle from
conception through disposal, including quality, cost, schedule, and

user requireiments [Winner et al,, 19SS

A CE approach (hereatter referred to as 1PD) to design requires increased

eamwork, particu! rly between engineering and manufactaring activities, In fact, “as




practiced in Japan, [concurrent design] is a group process where members of the group
represent interests spanning the life cycle o the product™ [TAT, 1988]. This tcamwork
approach is new to seme American industries. One might argue to thie contrary, citing the
“tiger team” concept as a prime example of teamwaork in U.S. Industry. However, in
general, design has not been accomplished using the multitunctional team advocated by
IPD and employed in Japan. One characterization of American design is a design
organization of separate functional offices that pass partial designs “over-the-wall™ to the
next office in the design sequence. Communication among designers is very formal and
inter-departmental. A group only sees the design when the preceding group is finished
with its portion of the design. IPD removes thiese walls and requires continual interaciion
between teams, Such team eftorts work in IPD and are the comerstone of TQM. The
mwork concept is successtul because it empowers the people to make the necessary
changes o meet the challenges facing the organization. Tahen together, the inttiatives shire
three goals, as set forth by Dr. Costelio [Costello, 1989b] namely: (1) increased quality of
weapon systems, (2) reduced cost (procurement and life-cycle cost), and (3) reduced
development time.,

Essentially, IPD is a philosophy of product design which emphasizes:
(1) coordination between interdependent designy acuvities, (2) betier support and racking
of product evolution, and (3) simultancous consideration of all product life-cycle elements.
It iy 4 basic systems enineering (MIL-STD-499) approach wo design: bring the affected
partics into the design process carly, resolve life-cycle design issues carly, and save moncey
over the product life cycle while reducing design time through fewer changes later in the

program (when such changes affect formally established program baselines).
IV. TENETS OF TQM

The key characternisues of TQM vary from author o author and expert to expert.
Deming’s 14 points for management [Denung, 1980 and Juran’s Trilogy [Juran, 1989)
are two well-known tenets. Characteristics of quality are provided by Tuttle [Tuttle, 1989},
Strickland | Strickland, 1988], or any of the vanety of consulting firms that provide TQM
aining, facilitation, or consuliation support. The following key characteristics apply to
both TOM and IPD:

s managcment commitment,
« cominual Improvement,

o customer satsfaction,
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tcamwork,
« focus on work processes,
o trammng. and

« people as the critical resourve,
Minagement Commitment

Dr. W.L. Deming and Dr. ). Juran both emphasize the crucial role of management
in successtul quality improvement eftorts. Management must create and foster an
organizational climate for TQM in which people can focus on quality and the continucus
improvement of products and processes. Nanagers must become coaches and provide
workers the requisite tools to accomplish their assigned jobs. Management sets the
strategic vision and goals for the organization so that the enure organization, down to cach
individual worker, can relate their daily etforts to the organizational mission. These
defined goals are not a method of Management by Gbjectives involving quota systems, nor
an approach in which management defines and assigns the work tasks within the

.

organization. Rather management’s goals for the organization provide the “constancy of

i :

pupose” g, 1936 for ihe organizaton; the organizanion’s commitment (o stay i
business for the lony run and for the weltare of all involved. Sctting such lofty goals is a
challenge that requires a very real commiument to the strategic planning and quality
mprovement process. This commitment requires cultural change on the part of
management and this cultural change is one of the biggest chailenges facing the TQM
initiative,

IPD can be classified as a grassroots approach to systems engineering because its
procedures dre so “common-sense.” However, in some cases the American design
community has developed a tradition somewt g counter-cultural to 1PD. For 1PD to work
effectively, there must be reamwork among the design team members, open lines of
comuaunicaton among the team and through the design organization, and a commitment on
the part of management to give the 1PD team the time and resources necessary for
successful design efforts. However, American indusiry has created functionally aligned, .
stovepipe design organizations charactenized by independent specialized areas, formalized
communication channels, and intense managemen, scrutiny. For IPD to succeed, these
organizations must restructure and management must allow & new organizational culture to
evolve. Management must create a climate in which a TQM philosophy and IPD proach

to design can flourish, Management must set the goals for the system design, align the

organization for successfully concurrently engineering the system, and empower the




individuals invoived in the design effort to make the required system design a reality.
Management must share their power with the individuals of the organization; this requires a

strong commitment.

Continyal Improvement

A 'TQM environment is characterized by the philosophy, “improve it.” However, in
design, one might say, “Best is the enciny of good encugh.”” While there may at first seem
t0 be a conflict between TQM and IPD in regards to continual improvement, there really is
not.

In an organization committed to quality and continual improvement, there is the
understandirg that all processes, and the procedures governing those processes, can and
should be subject to continual improvement efforts. The improvement may simiply involve
accommodating new technology, but it is still improvement. In a sense, continual
improvement is necessary to keep processes at their highest level of citiciency.,
Complaceney is the archenemy of a continual improvement process [Imat, 1986]. The
improvement process targets beming's "hidden factory” [Deming, 1986] embedded within

every organization, This hidden fuctory comiprises those coais which fail 1w show up on
the company balance sheet. The hidden factory is responsible for the scrap and rework
within the organization, from the reaccomplishment of poorly nuichined parts to the
restafting and reprinting of incoriect correspondence. The hidden factory takes a good
portion of the operating budget, panicularly when considering the cost of an individual s
ume. LEfforts to reduce a 15 percent (of gross income) hidden factory to a five percent
hidden tactory increases profits wen percent without any additional outlay of resourses. The
continual improvement culture simply tmproves the processes and procedures.

P requires contnually improving the processes by which the system i« designed
and manufactured 10 produce better designs more efticiently. Continual improvement does
not neeessanly mean continually improving the design characteristics and attributes of the
system. Such activity will never field systems. The crux of the IPD initiative 1s to
continually improve the processes by which systems are built; that is, improve the design
of the design process. The end rosult is improved system: functional performance with
reduced development time and cost. Just as there is a hidden fuctory within an
organization, so there is a "hidden design factory™ within the design organization. Failure
to properly consider certain critical aspects of a system design (as one example) can lead 10
costly redesign later in the manufacturing process. Lawer redesign is cven miore costly once

basclines are established and mock-ups and prototypes are developed. Early consideration

7




of pertinent design issucs reflects a preventative approach to systemn design. Finding new
and improved ways to reduce the hidden design factory requires an organizational
environment conducive to change for improvement. This same environment incorporates
lessons learned into the design process so the organization can learn from previous
eXpRricnces.

Cultural changes are an accepted part of the TQM effort. A continuous
improvement environment within design also requires cultural change. An environment
that encourages a questioning attitude challenges the old methods of design and examines
potential improvements. 1t requires a shift in attitude so the design process uniquely fits the
system under design. Svch cultural changes require management commitment as well as i

fucus on the work processes under continual improvement.

Customer Satisfaction

One of the swongest TQM/IPD links 1s the focus on the customer and his/her
requirements. In any organization, dissatisfied customers mean loss of business, loss of

market share, and loss of profit. As these losses add up, the business will ultimately cease

to exist (if it does not change its approach). The customer wants quality products at a just
price. In the customers eyes, the product must be free of defects and not promote
dissatisfaction. Quality motivated firms develop close ties to their customers. ..n MIT
study on industrial competitiveness noted, “the best practice firmns we observed are
developing closcr ties to their customers™ [ Berger et al., 1990].

In TQM, part of the change in organizational culture that atfects the customer focus
is the recognitinn of the alternating roles of customer and supplicr, both at the process and
organizational icvel. In every process, input is received (functioning as a customner) and
output is producced; this vutput is then uscd by somiconc clse (fuictioning as a supplic).
Understanding this customer-supplier cycle is important. To improve the quality of a
process, the process owner must understand and communicate, his requirements to his
supplier. Turther, he must understand and meet tne requirements of his customer when
functioning as a supplier. This same relationship holds for organizations. A company
receives input (raw materials, specifications, task plans) and produces output (finished
products, systems, technical publications).  For these reasons, TQM advocates closer ties
with suppliers to communicate requirements and improve the quality of the input received
su as to improve the quality of the output produced at both the individual process and
otgamzational level. This is a definite change in American management philosophy which

typically advocates the "arms-length” approach to maintain emphasis on competition.




While not replacing competition, there must come a more unified, teaming philosophy
among companies to promote satisfaction of requirements.

The entire design process starts with the definition of the cusiomer, or in the DoD
case, the operational user requirements. The IDA report on CE states, "CE starts with the
requirenicnts generation process... land 1s] characterized by a focus on customer
requirements” I'Winner ¢t al., 1988]. The definition of DoD system requirements, coupled
with improved design processes, are key clements in an IPD design effort. These elements
strive to develop systems in line with operational user needs. One objective is to improve
the operational suitability? of the fielded system. Systems must meet the needs of the user
while the design and acquisition processes must prodice and deliver the system "in tine” to
apply the system to the required combat capability.? To accomplish this task, users must
be involved throughout the process, from defining the required capability, to defining the
acquisition and developmental requirements, to providing timely feedback throughout the
development and support process.

The bottom line for achieving customer satisfuction in weapon systems is combit

capability. The end user needs capable systems and equipment; there is no room for poor
designs. Customer satistaction requires quality system (or product) atttibites and system
operating characteristics that cause the end user 1o "want” the systein because it provides

what is needed--combat capability.

Teamwoik

According to Juran, the road 1o quality is traveled project by project [Juran, 19891
and cach project is accomiplished by a project team. Teamwork 1s important for successful
TQM mnplementation, particularly in realizing the incremental changes from each project
conttibuting toward a continual process improvement environment. Projects arise from
within the organization with a recognized need for a process improvement etfort. Both
nunagement and the organtzational structure must promote such teanung activities, No

longer can American nunagement dictate all activities within the organization. The

2 perabonal Suitability is "The degree o which a system can be placed satstactordy m tield use, with
canstderation bemg grven o avadability, compatabitity, transportabality, niteroperabslity, relabihity,
wartime usage rales, neintainabdity, safety, human factors, manpower supportabality, logastic
supportabaley, and training requurciments.,

The "m-ttme” coneept implics delivery of the system according 1o the agreed schedule reflecung when te
systetn s needed by the operational user.




American management ethos mast change to Participative Management, Cross-Funtional
Management, or some form of these as the accepted method of management.

in these quatite based approaches, the organizational structure tlattens, Strict
functional alignments toand, in vertically structered organizations, are removed and the
organization becomes more vnified. Flatter organizational structires promote cross-
functional weamwork o address 1ssues and processes that impact the entire organization.
Tess restrictive communication results from removing barriers between work arcas.
Employees can work together to improve the supplier-customer retationships on the job-
shop tloor. A Just in “Fime inventory system is one example of teamwnrk, not only among,
the companics involved in supplier-customer relationships, but also among the job-shop
workers in a produciion facility. A flatter organizational structure improves communiciion
through the organizational hierarchy; management listens to what the work force is saying
rather than telling the work force to “listen up™ during one-way, downward-directed
communications.

As previously mentioned, IPD requires a team approach to design. Technology is
important to ctficicntly design and analyze increasingly complex weapon systems, but
technology is not the otal answer o improving the design process. Early conceptual
design involves many issues, thus it requires a multidisciplined team, pulled from the eniire
organization and chantered to address issues impacting the overall system lifecycle. While
carly design details may often preclude detailed decision-making due o risk and uncertiinty
in the eventual svstem characteristics, 1ssucs such as logistics support, maintainability,
manpower, personnel, and training should be considered early to avoid later conflicts as the
system design evolves and the system characteristics become more defined. This IPD-tcam
approa h requires a project-teaming orgamzational structure characterized by open
COMMUMCALION anong team members, aceess 10 evolving design information, clear and
concise reporting channels to management, and commitinent to the project versus
commitment to the functional "home” office.

The TP teaming concept is extensible to contract-subcontractor relationship as
organizanons work together to improve their product and processes. Subcontactors
provide components to the contractor who imtegrawes the components 1o formm the systen,
The better the subcontractor produces in terms of conformince to specifications, quality of
workmanship, and adaptability to the integrated system, the more etficient and eftective the
mteeranon sk, Workimg asa team o eltective v commumicute the requirements of the
system development project allows for an cthicient subcontriacter-to-contractor flow of
products. This in turn enhances the system design and integration process to ultimately

mprove the gnaliny of the system, or cquipment, delivered to the Dob customer.,
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Work Processes

All efforts are made up of processes; imiproving these processes will produce better
products and a healthier organization. Both TQM and 1PD share this vision and purpose.

Any organization, whether a inanufacturing firm, a service organization, or a
consulting firm, accomphishes its mission via processes. Within these processes are the
hidden tactory previously discussed. This hidden factory costs the organization money
without generating income or adding value to the organization. Reducing the level of the
hidden tactory by improving the work processes increases profits. A climate of continual
improvement evolves through a focus on the work processes. Each worker should be
knowledgeable in his/her work process and those processes that atfect his/her own
process. This will provide hinvher the ability o ask and address the question, “Is there a
better way?” Management must allow workers to openly question the current standards,
and form teams 10 examine and improve the work processes. With the increased emphasis
on improving productivity must come the realization that true increases in productivity
result from improving the processes, not controlling and managing according to the
nunirers or outpur of the pracesses. Furthermore, by improving the work processes,
management can build flexibility into the organization; tlexibility needed to cope with rapid
change caused by increasing system complexity and changing technology.

To some researchers, design s merely a process of making design decisions
[Mistree, 1990] and the purpose of the design weam and desiga project managers is to
nmitnage the design decision process. Project managers must focus on the design process,
not manage according to the products of the design effort. Naturally, the design schedule
i large part dictates management concerns, and the schedule typically focuses on the
products. While schedule concerns are mdeed very important, 1IPD requires managers o
shift some emphasis to the design process and how schedules support the planned design
decision sequence.

1PD brings tremendous potential to the development process | Winner et al., 1988j.
More knowledgeable designers are part of the process. Since the designers must address
the wide range of technical issues pertinent to each systemdesign. The design process and
the design personnel must be capable of handling the mcreasing level of complexity. This
is particularly true with fewer weapon systerns under development. With fewer systems in
the pipeline, and cach system requiring so long o design, build, and acquire, one pitfall to
avoid is to getall the weehnology inserted into the system. Such technology can come from

many sewrces. For instance, laboratories want to insert their new, state-of- the-art
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technology into the system. The design engincers may wish to insert te hnology they are
familiar with though there may not be a strong need for it. In either case, the "sboratory
and the engincer cause technology to drive the system design process, 1:reality, the
design process must efficiently and effectively design and build the requested system
within the decreased development time promised by the IPD design approach. IPD can
reduce development time through the eatly identification and resolution of life-cycle
concems for the system. Early identification and resolution of problems avoids costly, and
time-consuming, redesign and rework later in the effort. Stud.es indicate up to 70 percent
of life-cycle cost drives are locked into the systern after just 20 percent of the development
time has been expended. This 70/20 relationship provides iPD the potential to reduce cost
and development time, and increase quality through an improved design process,

training

Two of Dr. Deming's Fourteen Points deal with training: Pomnt 6 - institute training
on the job, and Point 12 - institute a vigorous program of education and self-improvemceni
[Scherkenbach, 1988]. In particular, in Japan's Kaizen philosophy |Imai, 1986],
management builds a quality-based organization through training and leadership. Workers
are responsible for their particular work process but they must be trained to properly
accomplish the task. Training on the job is just as important as the physical tools required
to accomplish the job. Truly comprehensive training includes instruction in othcr aspects
of the job-floor or organizition, In many progressive organizations, the training program
includes job rotation, This not only provides a more qualified, robust workforce, it also
buiids unity within the work force as workers gain an understanding of other
teamumembers” duties and responsibilities. Training in statistical and problem solving tools
may also be provided. An organizational culture focused on continual improvement needs
personnel with the requisite skills to implement the wdentified inprovements. Training in
problem solving enables the work foree to not only identify improvement opportunitics, but
also to analyze and determine improvement strategies for the work process. Deming's
Point 13 focuses on enhancing the capabilities of the individual. Focused training is
required for any job.  However, for the employee to grow as an individual and better
accommodate change, he/she must be allowed 1o learn new skills that may or may not have
direct application to his/her immediate tasks. This produces workers with more diverse
backgrounds who are more open 1o change and more dedicated to the organization since the

organization pave them the chance to branch out in their own direction. The result is o

more qualitied work force.




The same trinning philosophy holds for the design team within the IPD design
cnvironment. The organization must provide the tiaining o bring the design weam to the
appropriate level of technical proficicncy. The design team needs training to understand the
bastc roles and functions of each member of the team. Technical depth is ofen not required
in all subject areas, but a cursory knowledge of the viwious functional arcas within the
design effortis a plus. Design teams face increasingly complex systems and they must
simultancously address more design issues early in the design process. Members of this
multidisciplined design team need improved methodologies, technigues, and analytical
tools to handle this complex decision process. Along with the methods and techniques,
members must have sutticient tiining to effectively cmploy the tools. A well-rounded
design organization is more open to changing environments and changing technologies. A
narrow approach to training prevents, or stifles, adaptation to new or improved design
processes. A broad-based training program which focuses on individual needs and desires

is the best overall training approach.

People as the Critical Resource

Every quality initiative recognizes thay people are the most valuable rescurce of any
orgaimzation, Management alone is not responsible for improving and guiding an
organization. If management represents ten percent of the organization, 90 percent of the
organizational brainpower is ignored. The alternative organizational approach embraces
continual process improvement and puts 100 percent of the organization’s brainpower to
work inproving and guiding the organization. The organization empowers its emiployees

w identfy areas for improvement and then work to achieve those improvements. This

process.

People can adapt and reason and thus can handle change and complexity. Machines
and computers deal with algorithmic reasoning which requires structured problems defined
by rules and conditions; reality is not always so structured. The ability o infer knowledge
frony seemingly disjomted pieces of information is a human task. Japanese munufacturing
suceess proves that human workers can tunction in a highly productive manner [TAT,
198%8]. Adaptive manufacturing and improving the manufacturing process, beth off-line
and on-line, is still best accomplished by humans. Quiside the manufacturing environment,
people are even more inportant when deaiing with the unstructured decision processes

charactenstic of daly operations.




The IPD initiative differs from other design improvement initiatives in that it
focuses on the human designer in tie design process. Weapon system design iy, and
always will be, heavily dependent on computer technology to handle the numerous and
highly complex design aspects, constraints, drawings, and analyses. However, IPD
recognizes that ultimately, the design decision process is accomplished by the members of
the IPD team. The concept of a multidisciplined team collectively addressing life-cycle
issues for the system, and making decisions regarding systemi tradeoffs, technologies,
complexities, and attribntes stresses the importance of qualified and motivated individuals
within the design team. Management must provide the design team:

« tools to accomplish the analyses upon which to base design decisions,

+ training 10 understand the design process and the interrelationships among, the
design aspects,

« training to allow the individuals to work together in a team environment as well as
improve the design processes, and

 an organizational environment conducive to open communication among the
desige team mcmbers and up through the project management siructure.,

Design io basically 2 human activity. 1t has been characterized as the management
of a sequence of design decisions or as a leaming process in which the design team,
learning from each decision, gains an understanding of the evolving design. Regardless of
its charactenzation the process is a pcople process.

A final quote, again from the MIT Productivity study, captures the essense of this
TOQM tenet:

In a system based on mass production of standard goods, where
cost nitters miore than guality, the nc glect of humian 1esources by
companies may have been compatible with good economic
performance; today it appears as @ major part of the U.S.’s

productivity problem [Berger, et al., 19891,
V. CONCLUSIONS

This paper discussed the similarities between TQM and IPD, and characterized IPD
as TQM for prodact design. The similarities are valid. Both TOM and IPD require a
cultural change tor successful implementation, but what is a culwiral change? Once
defined, how does the organization know when the culture has changed? The bzsi measure

is the output. If the output indicates organizational health, and the organizational
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philosophy is one of continual process improvement, does this imply successful
organizational cultural change? These are questions everyone involved in TQM or IPD
must address.

The conmnunication process within the IPD teani is critical tor suceesstul WD
design efforts. With personnel drawn from various functional disciplines, speaking the
respective technical languages, communicating design concepts can become over-
complicated and unwieldy. The communication process must be open, unimpeded by
formal organizational concerns. Management must create this communication process and
allow the destgn team to evolve and improve on it during the design process.

TQM promises to improve an organization, thereby improving the products and
processes it comprises. In the commercial sector, this improvement is necessitated by
increasing global competition and loss of market share. In the DoD, in particular the
acquisition community, the challenge is to achieve more with less as well as help ensure the
cconomic bealth of the industrial base, Among the implied goals of TQM are: (1) improved
quality, (2) reduced cost, and (3) shortened schedules.

IPD is a powerful tool to help achicve the TQM gouals for acquisition. Success for
IPD is predicated on many of the same conditions placed on the TQM initiative; this was the
motivation for this paper. Each iuitiative is based on similar tenets characterized overall by:
managenent commitment, involvement of the entire organization, open channels of
communication, and a philosophy of continual inprovement of products and processes.

There ts no blueprint for success in either initative. Every organization and each
individual within it is unique, thus necessitating unique approaches to training,
organizanonal and process improvement, wamwork and teambuilding, and shifting the
focus to quality. Deming’s Fourtcen Points provide solid philosophy, but they are not o
“how to” list. Juran’s management structure for quality describes how o organize the
quality improvement effort, but not how to accomplish the transformation. There are many
consultnts offering TQM services, each with their own “canned™ approach, but each

approach must still be tatlored to the wrget organization.
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